Meat and different meat products are known to harbour myriads of pathogenic microbial organisms; and the deleterious effects of this microbial contamination is now a major cause for public health concern globally. 120 different meat products were randomly selected from thirteen different locations in the Jos Metropolis of North-Central Nigeria for this study. Microbiological culture and repeated sub-cultures yields 20/120 (16.7%) pure Salmonella isolates; with 17/20 (85%) of the pure Salmonella isolates testing positive for the Salmonella invA virulence gene after PCR amplification, and these were also biochemically confirmed to be pathogenic. 35/120 (29.2%) pure isolates of Escherichia coli was also obtained after repeated culture in EMB. The PCR product which was visualized in 1.5% w/v agarose gel stained with ethidium bromide is a DNA fragment of 280bp. This study shows that there is a high prevalence of pathogenic and virulent Salmonella species in the study area. This may not be unassociated with the poor hygiene practices among meat handlers in the study area. It is thus concluded that the traditional microbiological methods of culture and biochemical testing are very effective in detecting pathogenic Salmonella strains. However, the use of molecular methods of detection remains the most sensitive and the most specific in the detection of both pathogenic and virulent Salmonella strains.
INTRODUCTION
Salmonella is one of the most important sources of food poisoning globally; with many cases of Salmonellosis reported annually [1] [2] [3] [4] . These group of facultative Gram-negative anaerobes causes varied forms of diseases, depending on the host factors and the Salmonella serotype [5] . Salmonella has a wide range of hosts; being commonly found in the environment. Yet, some serotypes are host specific [4] [5] . Salmonellosis as a common infection of food-borne origin is on the rise, and this may not be unassociated with the increase exposure of humans to animals harbouring this pathogen [6] . It is also of note that the increase prevalence, virulence, and the development of antimicrobial resistance in this pathogenic species is becoming a cause for global public health concern [5, 7] . Infection with Salmonella occurs through the ingestion of contaminated food or water; and also via the feco-oral route from infected persons. Beef, pork, poultry, and sea foods can all be contaminated with Salmonella species; and when these are incorrectly prepared can ultimately lead to Salmonellosis [8] [9] . Studies have shown Salmonella contamination of animal products ranging from poultry to dairies products [9] [10] [11] . Many studies have also indicated the contamination of commonly eaten fruits and vegetables by the Salmonella species [12] [13] [14] [15] [16] [17] [18] . Also, studies have shown the isolation of Salmonella species from poultry droppings [19] [20] . The isolation of Salmonella species in beef and many other meat products have also been demonstrated in some studies in Nigeria [21] [22] . Salmonellosis affects all age groups but symptoms are mostly severe in children, the geriatrics, and in the immune-compromised individuals [4] . It is also of note that the Trans -placental transmission of this pathogen can also occur in very rare instances [23] . Non-typhoidal gastroenteritis, hence, salmonellosis, causes diarrhoea, vomiting, abdominal cramp, and severe electrolyte loss; which may lead to hospitalization and sometimes death [7] .
The Nigerian population consumes a lot of meat and other different meat products; ranging from cooked beef, pork, cooked or roasted dog meat, suya (roasted beef), balangu (barbequed meat), kilishi (spiced sun-dried meat), etc. many of these meat types and meat products are well prepared at temperatures beyond the survival of many bacterial pathogens, however, due to the poor hygiene practice on the part of many meat handlers, these common place ready-to-eat meat delicacies can become contaminated with different bacterial species including Salmonella serovars. This happens when these handlers are themselves infected, are carriers, or have handled Salmonella contaminated materials or objects without proper hand washing. When these meat products are also incorrectly prepared or poorly stored, or openly displayed for sales without care, this can lead to bacterial contamination which may subsequently results into human infection upon ingestion of such contaminated food materials. Thus the practice of good hygiene is key to safeguarding the health of any population.
The cultural traditional growth and isolation of bacterial pathogens and the subsequent biochemical identification of pathogenic bacterial strains is of vital importance in the treatment and management of infectious bacterial agents; especially in low and middle income settings. However, the use of molecular methods of diagnosis provides the most reliable and the most sensitive means of identifying the virulence and pathogenic nature of different bacterial species; especially the Salmonella strains.
MATERIAL AND METHODS
This study was carried out in the Jos metropolis of North-Central Nigeria. Three different local government areas, namely Jos North, Jos South, and Jos East make up the Jos metropolis. Animal husbandry is largely practiced at this part of the country; and a large proportion of the population is in the habit of regularly consuming meat and different meat products. Beef is mostly considered as a staple in most Nigerian dishes; and different other meat types such as pork and dog meat are also frequently consumed. Thirteen major spots or areas where these various meat types and their various by-products are always readily available in the Jos metropolis were visited for sampling. These areas includes Faringada market, Katako market, Chobe market, Kwararafa , Gada biu, Terminus market, Gangare market, Tafawa Balewa street, Tudun wada, Abbatoir market, Gyel market, Kugiya market, and Anguldi, respectively. The selected meat types for the study were Beef, Kilishi, Balangu, Suya, Pork, and Dog meat respectively. All samples were aseptically collected into sterile universal containers before transportation to the Laboratory for culture. 120 samples of these various meat types were randomly selected from the visited sites and used for this study.
Culture of Pure Salmonella Isolates
Several media which include Salmonella-Shigella agar (SSA), buffered peptone water, Rappaport-Vassiliadis agar, Xylose-Lysine Deoxycholate (DCA) agar, Brain-Heart infusion broth, and Eosin Methylene Blue (EMB) among others were all used for the culture and sub-culture of the bacterial growth in this study until pure isolates of Salmonella species were obtained. Methods described by Ochei et al [24] were used for the preparation of these media. All media were autoclaved at 121 degrees centigrade for 15 minutes; except for SSA which does not require autoclaving but boiling for 15 minutes before pouring to set in a petri dish. One gram of each sample was pre-enriched in 9 mls of buffered peptone water and incubated at 37 degree centigrade for 16 hours. After the preenrichment in peptone water, 1ml of the inoculum was transferred into Rappaport-Vassiliadis broth and incubated at 42 degree centigrade for 18 hours. The broth culture was then spread on DCA to get pure colonies. The pure colonies were further sub-cultured in SSA and Gram stained; with Gram negative rods microscopically observed. Biochemical tests were carried out on the pure Salmonella isolates using Andrade's peptone water, Urease test, and Simmons Citrate test [24] , respectively. The biochemically positive Salmonella strains were then suspended each in Brain-Heart infusion broth for DNA extraction.
DNA Extraction of Pure Salmonella Isolates
The suspended Salmonella isolates in Brain-Heart infusion broth was briefly vortexed to make for the uniform distribution of the bacterial cells in the broth. 1ml of the homogenized broth-bacterial solution was transferred into 1.5 ml already labelled micro-centrifuge tubes and centrifuged at 14,000 rpm (rate per minute) for 2 minutes to pellet the cells; after which the supernatant was discarded. 500 microliter of Nuclease free water was added to the cells; this was vortexed and then centrifuged at 14,000rpm for 2 minutes and the supernatant decanted. 200 microliter of sterile Nuclease free water was further added; the mixture was vortexed and the content was transferred into a pre-labelled 1.5ml Eppendorf tube by gentle aspiration using a micropipette. 200 microliter of Proteinase K was pipetted into the mixture, and 200 microliter of buffer AL was added to the mixture and mixed by pulsevortexing for 15 seconds in order to ensure sufficient lysis of the cells.
The above mixture was incubated at 56 degrees centigrade for 10 minutes; after which the tube was briefly centrifuged. 200 microliter of absolute ethanol was pipetted into the mixture and pulse vortexed for 15 seconds. The mixture was again spun before carefully applying it into a mini spin column without wetting the rim. This was spun at 8000rpm for 1 minute. With the tube containing the filtrate discarded, the mini spin column was placed in a 2ml tube. The mini spin column was carefully opened, and 500 microliter buffered AW1 was added to the spin and centrifuged at 8000rpm for 1 minute. With the collection tube for the filtrate discarded, the mini spin column was placed in another new 2ml collection tube, and 500 microliter of AW2 was added to the spin column and centrifuged at a full speed of 14000rpm for 3 minutes. The mini spin column was then removed and placed into a 1.5ml micro centrifuge tube. 200 microliter of distilled water was added to the spin column and this was incubated at Room Temperature for 1 minute; and then centrifuged at 8000rpm (6000g) for 1 minute in order to elute the bacterial DNA. The eluted DNA was amplified in an Eppendorf Thermocycler.
Salmonella Primer Sets and PCR Amplification
Both the forward (5' -ACA GTG CTC GTT TAC GAC CTG AAT 3') and the reversed (5' -AGA CGA CTG GTA CTG ATC GAT AAT 3') Salmonella invA virulence gene primers were used for the amplification of our pure DNA extracts using QIAGEN ® kit. The molecular weight marker was a 100 base pair (bp) DNA ladder; while the positive control has a base pair of 284. The successful amplicons from our extracted DNA products have a consistent 280bp. The Master mix used for our amplification is made up of 3 microliter of 10X buffer, 1 microliter of mgcl2, 1 microliter of dNTPs, 1.25 microliter each of Salmonella invA forward and reversed polymerase, 0.5 microliter of Taq, 5 microliter of our extracted DNA product, and the mixture is made up to 25 microliter with sterile water.
Amplification was carried out in an Eppendorf Thermocycler using a cycling gradient with an initial incubation stage at 95 degrees centigrade for 2 minutes. This is followed by 35 cycles of denaturation at 95 degrees centigrade for 30 seconds, annealing took place at 53 degrees centigrade for 30 seconds, elongation of the primers took place at 72 degrees centigrade for 1 minute, and extension of the annealed primers at 72 degrees centigrade for a final 7 minutes.
Gel Electrophoresis
1.5% w/v agarose gel was used for the separation of our amplified products. This was prepared using agarose powder and stained with 5 microliter ethidium bromide. 2 microliter of the marker with a base pair (bp) of 100 was loaded unto the tank, followed by 5 microliter each of the positive and negative controls. 5 microliter each of the amplified products was also loaded into their corresponding positions in the agarose gel. The separation takes place using a current of 80 volts; with the positive control yielding a bp of 284 as expected, and the amplified products yielding a consistent bp of 280 respectively.
RESULTS
The popular and or general consumption of meat and various meat products in Nigeria, and the increase in the number of gastroenteritis cases, duly informed the need for this study. A total of 120 study samples were randomly collected at thirteen different locations in Jos Metropolis, North-Central Nigeria for this study. Of the 120 samples tested, 20 were positive for Salmonella species after repeated cultures; with only 17 biochemically confirmed to be pathogenic. With the Eosin Methylene Blue (EMB) media, 35/120 (29.2%) samples tested positive for Escherichia coli; and there were also other non-lactose fermenting colonies. The percentage of Salmonella positive cultures was 16.7% (20/120), while the percentage of biochemically confirmed pathogenic strains was 14.2% (17/120). The 17 biochemically confirmed strains were also positive for the Salmonella invA gene used in our study; this gives a percentage of 14.2% (17/120). Of the 20 pure Salmonella isolates, 17 were positive for the Salmonella invA virulence gene which represents 85% (17/120) of the pure isolates. Kilishi whish is a by-product of beef has the highest pathogenic Salmonella contamination of 30%. This is closely followed by beef (16.7%) and suya (13.3%) which is also a by-product of beef. Thus beef has a combined contamination rate of 60%; while balangu has 6.7%, pork (10%), and dog meat (20%) respectively (see table 1 ).
DISCUSSION
Salmonella is the most common form of food-borne bacterial infection worldwide [1] [2] [3] [4] [5] . Most Salmonella infection, especially non-typhoidal Salmonellosis are self-limiting; except at the two extremities of life and in the immune-compromised individuals who may require urgent antimicrobial treatment [4] . Fruits and vegetables are important sources of Salmonella infections [12] [13] [14] [15] [16] [17] [18] ; and also poultry farms, poultry products, beef, and other animal products like dairies [9, 11, [19] [20] [21] [22] .
Bacteriological detection through culture and biochemical analysis may be time consuming, but the benefits of these systematic microbiological processes in low and middle income settings as seen in most African countries cannot be overemphasized. However, the use of molecular detection methods provides a quick, sensitive, and the most accurate means to identifying pathogenic and virulent Salmonella strains. This is of most importance in the food industries and at water treatment Centre's where food and water for general public consumption are produced and or treated respectively.
The result of this study indicates that Salmonella species constitutes an important food-borne pathogen in the study area. This may not be unconnected to the poor hygiene practice by the meat handlers at this region. Different studies have shown the high prevalence of Salmonella species contamination of different meat types and meat products ranging from 5.92% to 22.6% [9, [25] [26] . The 14.2% confirmed prevalence rate in this study is well within the range of what most studies have indicated. Beef and its many by-products seem to be the most contaminated in this study. This may not be unassociated with the fact that beef is the most commonly eaten meat type in this part of Nigeria. The high virulence rate of 85% (17/120) in this study is a cause for public health concern in the affected population. The observed contamination in this current study could be strongly associated with the manner in which these meat handlers prepares and displays their sales meat and meat products. Lack of proper hygiene practices, and the lack of proper monitoring and licensure of these finished meat products vendors by the respective health authorities have short-changed the health and wellbeing of the affected populations.
It is thus revealed in our study, that the use of cultural and biochemical methods of detecting pathogenic Salmonella species is still very effective; though time consuming. And that in low and middle income settings as seen in Africa, this can, and will still be of great value for the foreseeable future. However, the use of molecular detection methods remains the most sensitive and effective in detecting both pathogenic and virulent Salmonella strains.
CONCLUSION
Of the 20 (16.7%) pure Salmonella isolates in this study, 17/120 (14.2%) tested positive for the biochemical tests and for DNA PCR. This shows that there is a high rate of Salmonella contamination of meat and different meat products in the study area. Though meat is a favorite treat for most Nigerians, the poor, unhygienic, and unsafe ways of handling this popular meat delicacies and past times has become a cause for the common reports of gastroenteritis; and thus Salmonellosis. It is therefore of utmost importance that urgent steps be taken by the key responsible organs and agencies of government at addressing this issue; in a bid to curtailing and forestalling further spread of Salmonella infections through public health education and advocacy, licensure, regular and adequate monitoring, and supervision of meat vendors and meat products vendors. Also, training of meat handlers on basic hygiene practices such as regular hand washing, environmental inspections, and compulsory regular health checks for meat handlers. These basic measures will go a long way in helping to prevent infections with Salmonella species.
